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SUPPLEMENTARY FIGURES AND FIGURE LEGENDS 

 

Supplementary Figure S1. SDS gel and EM micrograph. (A) Coomassie-blue-stained SDS 

gel of RAD51. (B) A typical micrograph showing filaments of RAD51-bound ssDNA. A short 

stretch of DNA (72-mer) was selected to reduce bending and prevent duplexing. Frozen 

hydrated specimens were imaged by a FEI Titan-Krios electron cryo-microscope at 300 keV 

and recorded on a Falcon detector with the magnification of 104,478x giving the final sampling 

rate of 1.34Å/pixel. 

 

Supplementary Figure S2. Image processing. The flowchart summarises the image 

processing of filaments extracted from EM micrograph images.  A starting reference model was 

calculated by a modified version of IHRSR (1), which also determined the helical parameters. 

RELION (2) was used in conjunction with the IHRSR helical programs hsearch_lorentz and 

himpose which were run at the end of each 3D classification, 3D refinement and post-

processing steps. Motion correction Motioncorr (3) and local CTF correction Gctf (4) software 

was also used during processing along with particle polishing in RELION.  Several iterations of 

3D classification and refinement were carried out during the processing. 

 

Supplementary Figure S3. Ramachandran plots of amino acids in the final protein 

model.  Ramachandran plot of amino acids in the final model, which contains three RAD51 
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and one (18 nt) ssDNA molecule. The red, yellow, and grey regions respectively represent the 

preferred or allowed regions and outliers.  

 

Supplementary Figure S4. Helical pitch. The helical pitch varies between and sometimes 

within filaments but averages at 103Å. (A) Two filaments appearing by eye to vary in pitch were 

selected and their Fourier transforms calculated. The gallery shows left to right each filament 

with its Fourier transform amplitudes. Each transform shows a clear layer line of Bessel order 1 

corresponding to the helical pitch; measurements are indicated on the left and right at 93Å and 

105Å. (B) 19 smooth helical models with pitch varying from 76Å - 134Å were created from the 

IHRSR starting model and low-pass filtered to 100Å. The stack of segments was similarly 

filtered and aligned to the 19 models. The results shown in the histogram show the pitch 

spread with most filament segments lying between 95Å and 110Å with the average at 103Å, 

which agrees precisely with the parameter value at convergence by IHRSR. The emergence of 

a single model after 3D classification in RELION confirmed that the pitch of the segments 

included in the reconstruction was contained within a narrow band. 

 

Supplementary Figure S5. Orientation of ssDNA in the density map. PDB coordinates of 

RecA-bound ssDNA (5) were converted into EM density using SPIDER (6), then low-pass 

filtered to 5Å. The inner region of our RAD51_ssDNA map was masked with a cosine-edged 

cylinder of radius corresponding to the average diameter of ssDNA (7Å) and compared to the 

converted RecA_ssDNA density in Chimera (7). The fit between the RecA-bound ssDNA 

density and the cylindrically masked area of our HsRAD51 map as estimated by Chimera  

returned a correlation coefficient of 0.95, allowing us to overlay the pdb coordinates of the DNA 

from the RecA structure directly into our map. The transparent rendering of the protein 

backbone (grey) reveals ssDNA (blue) threaded along the filament axis.  
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Supplementary Figure S6. ssDNA-protein contacts. 

A) Coordinates from a single RecA monomer with its bound ssDNA were extracted from the 

deposited PDB file (5). B) PDB coordinates derived from our presynaptic filament model 

(Figure 3) representing ssDNA with a single RAD51 monomer were aligned to the RecA 

coordinates for comparison. The contact regions are disordered in both the RecA and RAD51 

filament structures, so it is not possible to precisely visualise details. However, the 3 black 

arrows indicate the regions where ssDNA-protein contacts most likely occur in the RAD51 

structure. The two loop regions L1 and L2 are indicated by blue arrows. 

 

Supplementary Figure S7. The protomer-protomer interface. 

A) To investigate the possibility of an alternating conformation at the interface between 

protomers, we used our refined map as a reference model for 3D classification of EM images in 

RELION without imposing helical symmetry, and iterated 110 times. The most populated 

(>90%) model (red) was visualised in Chimera, before a second copy of this model (blue) was 

fitted to the first model then axially translated and rotated by one protomer before overlaying 

just as before. No movement is evident between the two large α helical regions (arrowed) in 

the overlaid human RAD51 filament models. B) Dimer symmetry was imposed on the refined 

map before 3D classification and refinement and again following both classification and 

refinement. No widening of the two α−helical regions was observed here either, suggesting 

that the protomer-protomer interface exists in only a single, invariant geometry. 
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Supplementary Figure S8. Re-orientation of RAD51 subunits during transition to an 

inactive filament may expose a BRC repeat binding site.  

Comparative modelling of the active presynaptic RAD51 filament using inactive ADP-bound 

RecA as a template was carried out as described in Methods to create a hypothetical model for 

an inactive RAD51 filament. The figure shows the superposition of the inactive RAD51 filament 

model (6 monomers in red, marked IA-IF) over our presynaptic filament structure (monomers in 

green, marked AA-AF). The main chains of the D monomeric units of both filaments are 

represented in ribbons while the other monomers are shown in surface representation. 
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